Older adults and college students were tested with two procedures that measure stereotypy and response variability. In Experiment 1 subjects guided a marker through a 6 by 6 matrix by pressing two computer keys. Points were awarded on either a continuous or variable ratio 3 schedule of reinforcement. Points were exchanged for money. Continuous reinforcement produced significantly higher stereotypy than intermittent reinforcement did in both age groups. A difference was found in stereotypy between age groups during the variable ratio schedule. This difference may have been caused by the greater task anxiety of the older adults. In Experiment 2 subjects were tested using the matrix procedure with the consequence that response variability was differentially reinforced. Four levels of variability were tested in the two age groups. Both older and younger subjects learned to vary response patterns to obtain points. The results are discussed in the context of cautiousness as an age-related explanation for behavior.
A frequent finding in problem-solving research is that older adults do not perform as successfully as younger adults (Botwinick, 1984; Salthouse, 1991) . Older adults do not have as much success as younger adults in solving logical problems (Arenberg, 1974) , matrix problems (Rebok, 1981; Weinman, 1986) , spatial ability problems (Salthouse, 1987) , inductive reasoning problems (Salthouse & Prill, 1987) , or practical problems (Denney, Pearce, & Palmer, 1982) . Younger adults tend to show superior performance if the task requires faster responding (Salthouse, 1985) or behavioral variability (Okun, 1976) . When older adults do not respond as variably as younger adults they are said to be expressing a behavioral characteristic called cautiousness (Reese & Rodeheaver, 1985) . Cautiousness in older adult problem solving is "one of the most frequently mentioned performance-limiting factors" and is described as a "hesitancy about making responses that may be incorrect" (Salthouse, 1991, p. 176) . For example, Okun and Di Vesta We thank Barbara Brown for her technical help. Requests for reprints should be sent to David Lopatto, Department of Psychology, Grinnell College, Grinnell, lA, 50112. (1976) compared the performance of a group of younger adults (mean age 21.7 years) with the performance of a group of older adults (mean age 69.3 years) on a vocabulary task. For each trial of the task, the subject could choose a level of task difficulty ranging from easy to difficult. Older adults choose a lower average level of task difficulty than younger adults, a finding that was interpreted to mean that older adults were cautious about risking failure in the difficult tasks.
In some cautiousness research behavior does not conform to the hypothesis that cautiousness is an age-related trait. Baron and Le Breck (1987) compared the behavior of older (62-75 years) women to that of younger (18-26 years) women on tone detection, weight discrimination, and continuous recognition memory tasks. Although the older women demonstrated a reduced sensitivity to stimuli, they did not respond more cautiously than younger women. Baron and Surdy (1990) tested older (62-75 years) men and younger (18-26 years) men with a recognition memory task. Although older men showed less ability to recognize previously encountered stimuli, there was no evidence for cautiousness as a response bias. When cautiousness has been demonstrated (Okun & Di Vesta, 1976) , it has also been sensitive to consequences. Okun and Elias (1977) compared the performance of younger adults and older adults on a vocabulary test similar to the one used by Okun and Di Vesta (1976) . In one condition, the rewards for choosing easy and difficult levels of problems were programmed so that choosing difficult problems resulted in a higher level of expected reward than choosing easy problems. Older adults did not show greater cautiousness than younger adults in this condition. Birkhill and Schaie (1975) administered The Primary Mental Abilities Test to 88 older adults under conditions in which guessing answers was either encouraged or discouraged. When the programmed reward for correct guesses was greater than the penalty for incorrect guesses, subjects scored higher on verbal meaning and word fluency subtests than when the reward for correct guesses was not greater than the penalty for incorrect guesses. Cautiousness, defined as the reluctance to guess answers to test questions, was sensitive to reinforcement contingencies.
Cautiousness is characterized by a lack of response variability. In operant research the failure to show response variability is referred to as behavioral stereotypy (Schwartz, 1982) , sequence stereotypy (Boyd & Gutman, 1990) , or reinforcement-induced stereotypy (Wong & Peacock, 1986) . Behavioral stereotypy occurs as an effect of reinforcement contingencies (Lopatto & Brown, 1994) . Lopatto & Brown (1994) tested college students with a matrix procedure in which the subject sat at a computer and observed a 6 by 6 matrix on a video monitor. Presses on the Hand J keys on the keyboard moved a marker either down or right from its initial position in the upper left comer of the matrix. Moving the marker to the lower right comer resulted in contact with a schedule of reinforcement for the acquisition of points. Points were later exchanged for money. Lopatto and Brown tested seven schedules of reinforcement (continuous, fixed ratios 2 and 3, variable ratios 2 and 3, fixed interval 7sec, and variable interval 7-sec). During the continuous reinforcement schedule subjects demonstrated significant operant stereotypy. That is, they repeatedly used the same path to the goal when anyone of 252 paths would have been equally reinforced. Significant stereotypy did not occur during the other schedules of reinforcement.
When varying responses is differentially reinforced, stereotypy does not occur. Page and Neuringer (1985) trained pigeons to make sequences of eight pecks on two keys in an operant chamber. A contingency was imposed such that the sequence of eight pecks on trial n could not duplicate the sequence on trial n-1. Variation from the previous sequence was followed by food; repetition of a sequence was not. Page and Neuringer found that pigeons varied their response sequences from one trial to the next and with extended training made a sequence of responses on trial n that did not duplicate any sequence from the previous 50 trials. Training response variability through reinforcement has also been demonstrated with rats (Morgan & Neuringer, 1990) and humans (Neuringer, 1986) .
The present research was undertaken to explore the analogy between cautiousness and operant sequential stereotypy in two experiments. Like stereotypy, cautiousness occurs when the outcome of cautious behavior leads to the same frequency or amount of reward as variable behavior. Like stereotypy, cautiousness is reduced by explicit contingencies that provide greater frequency or amount of reward for response variability. Because matrix procedures like those described earlier (e.g., Lopatto & Brown, 1994) provide a situation in which cautiousness may be measured, we tested older and younger adults in two matrix procedures, one in which cautiousness is not differentially reinforced and one in which cautiousness leads to the omission of points. In Experiment 1 the procedure was similar to the matrix procedure used by Lopatto and Brown (1994) . Subjects of two age groups were exposed to the matrix task on two schedules of reinforcement (CRF and VR 3). In Experiment 2 subjects of two age groups were exposed to a matrix task in which variable responding was reinforced. In both experiments we expected to find that older adults responded more slowly than younger adults. Slower response times for older adults is a robust finding in gerontological research (Salthouse, 1985) including research with operant procedures (Baron, Menich, & Perone, 1983) . In Experiment 1, in which cautiousness (stereotypy) was neither more or less reinforced than variability, we expected older adults to show more stereotypy than younger adults because of their greater reputed cautiousness. The literature on cautiousness does not provide a hypothesis about the effects of schedules of reinforcement, so we explored the schedule effects expecting that the continuous reinforcement schedule produces more stereotypy than the variable ratio 3 schedule (Lopatto & Brown, 1994) , but with no hypothesis regarding the possible interaction between schedule and age group. In Experiment 2, in which variable responding was reinforced, we expected the older adults to show the same low level of stereotypy as younger adults, consistent with the literature on cautiousness (Birkhill & Schaie, 1975; Okun & Di Vesta, 1976) . We tested four variability contingencies in Experiment 2 to explore the extent of the effect on cautiousness. Because we were concerned that our older volunteers had less experience with computers than our college student volunteers, we asked the subjects to report their general anxiety and level of comfort with computers.
Experiment 1
In the first experiment a matrix procedure was employed that did not differentially reinforce either stereotypy or variability. We hypothesized that if older adults exhibit greater cautiousness then younger adults, this cautiousness would be manifest as operant stereotypy. That is, older adults would tend to use one response sequence during the matrix procedure, exhibiting less response variability than younger adults.
Method
Subjects. The participants were 32 college students and 27 older adults. One college student and one older adult terminated participation before the experiment was completed. One older adult was observed holding the keys down. Data from these three subjects were not analyzed. The remaining college students, 19 women and 12 men, averaged 20.6 years of age with a range of 19 to 24 years of age. They included 21 science majors, 6 social science majors, 3 fine arts majors, and 1 undeclared major. The remaining older adults, 19 women and 6 men, averaged 79 years of age with a range of 64 to 98 years of age. All had postsecondary education and had retired from a variety of teaching and business careers.
The college students participated for a remuneration of 2 cents for each point earned. The older adults, all residents of the same retirement community, participated in return for a donation to the community's health center. The donation was based on 2 cents for every point earned by the older adults.
Apparatus. A local area network comprising a file server and 10 Everex computers controlled the presentation of events and the recording of data. The 10 computer stations , including a standard keyboard and a NEG color monitor with a screen measuring 33 cm on the diagonal , were located in separate rooms.
When the computer program was started a 6 by 6 matrix, outlined in red, appeared on a blue screen. Each square of the matrix was approximately 2 cm by 2 cm. At the beginning of a trial a marker (a face with two eyes and a smiling mouth about 1 cm by 1 cm and centered in the square) appeared in the upper left square of the matrix. Responses were made by pressing the H (down) key or the J (right) key on the keyboard. Effective responses moved the marker down or to the right. A trial ended when the marker was moved to the lower right corner of the matrix, resulting in a point according to the operative schedule of reinforcement. In other words, any combination of five presses on each key could be followed by a point on the operative schedule of reinforcement. A trial also ended if the marker was moved off the right side or the bottom of the matrix. These trials did not result in a reinforcer.
A score was displayed to the right of the matrix on the monitor. When a reinforcer was presented, the score increased by one point, a small dollar sign appeared for 1 sec above the matrix, and music played through the computer speaker for approximately 3 sec. The 3-sec song segments consisted of recognizable portions of traditional folk songs or selections from Broadway plays. Trials were separated by a 3-second intertrial interval during which key presses were ineffective.
The survey used to gather information from each subject prior to the computer procedure included questions about the subject's age, sex, and profession or college major. The subjects were asked to rate their anxiety by circling a number on a scale of 1 to 7, in which 1 was defined as "extremely relaxed" and 7 was defined as "not at all relaxed." They were also asked to rate their level of comfort with computers on a scale of 1 (very comfortable) to 7 (very uncomfortable). Subjects were asked if they had any physical condition or were taking any medication that might interfere with their performance. The debriefing form used after subjects finished the procedure included the questions "What do think happened during this session?" and "Do you think that there was something specific that you had to do to earn points?"
Procedure. Upon arriving at the laboratory, subjects were met by one of the experimenters and escorted to the small room with the computer station. After receiving the subject's consent to participate, the experimenter asked biographical and anxiety questions described in the apparatus section above. The experimenter then gave the following instructions:
Your task is to get as many points as possible by pressing the H and J keys. Continue to do this until the program is finished. You will receive a reward for your participation.
The reward, 2 cents for each point earned, had previously been announced during attempts to recruit subjects. An arrangement to have money earned by the older subjects be donated to the retirement community was also negotiated before the subjects arrived.
After giving instructions, the experimenter initiated the computer program and left the room. Subjects were tested for 100 trials. Two schedules of reinforcement were used. During the continuous reinforcement schedule a point and song were presented on every trial in which the marker was moved to the lower right corner of the matrix. During the variable ratio 3 schedule a point and song were presented on every third trial on the average with a range of one to five trials. There were four combinations of schedules tested, either 50 trials of one schedule followed by 50 trials of the other or 100 trials of a single schedule. A break of about 1 minute was inserted between the sets of 50 trials for half the subjects, and the other half experienced the 100 trials without interruption. This break made no difference in the results and will not be discussed.
The experimental session lasted 20 to 30 minutes depending on the subject's behavior. At the conclusion of the session the experimenter reentered the room and asked the subject postsession questions described above in the apparatus section. College students were given money, debriefed and thanked. Older adults were told the amount of money they had earned for the health center, debriefed, and thanked.
Data analysis. The design of the experiment included two age groups (between-groups variable), four possible reinforcement schedule combinations (between-groups variable), and two blocks of 50 trials (withingroups variable). The measures included the response rate, the frequency of the dominant response sequence, the anxiety and computer comfort ratings, and the number of points earned.
Response rate was calculated using one sequence of responses as the unit of responding. Thus, a response rate of 2 rpm means that the subject moved the marker through the matrix twice in a minute, not including the intertrial interval time. The frequency of the dominant response sequence (D) is a typical measure of operant sequential stereotypy (Lopatto & Brown, 1994) . The notation D represents the frequency of the sequence of responses the subject used most often. It was counted for two 50-trial blocks within a 100-trial procedure. It had a potential range of 1 to 50 in each block of trials.
Results
The dependent variables were analyzed in order to address several issues. First, the response rate data were analyzed for differences in the speed of task performance by the two age groups. Then 0 was analyzed to discover age and schedule effects on stereotypy. Anxiety and computer comfort measures were examined to show a possible influence on stereotypy. Finally, the number of points earned was analyzed as an index of the successful completion of the task.
The overall mean response rates for the two age groups were 9.03 rpm for the college students (SO = 1.2) and 6.68 rpm for the older adults (SO = 2.3). This difference is statistically significant [F(1, 48) = 26.09, P < .05].
College students responded more rapidly than older adults did regardless of how the data were grouped. College students responded more rapidly in the first block 50 trials, in the second block of 50 trials, in the continuous reinforcement schedule, and in the variable ratio 3 schedule ( Figure 1 ). When the data were analyzed in two blocks of 50 trials there was a significant increase in response rate from Block 1 to Block 2 [F(1, 48) = College students repeated a single dominant response sequence with a mean frequency of 33.61 in 100 trials (SO = 24.2) and older adults repeated a dominant response sequence with a mean frequency of 41.4 in 100 trials (SO = 29.3). The apparent difference was not statistically significant. Furthermore, there was no significant difference between age groups when 0 was analyzed by blocks of 50 trials. There appeared to be a significant effect of schedule of reinforcement on 0 (see Figure 2) . To analyze the effect of the schedules, the data were grouped according to the four reinforcement schedule combinations (CRF-CRF, CRF-VR3, VR3-CRF, and VR3-VR3). blocks of 50 trials did not show a significant difference in 0 over blocks. Subjects who changed schedules from continuous reinforcement to variable ratio 3 showed a significant decline in 0 [«11) = 2.19; P < .05] whereas subjects who changed schedules from variable ratio 3 to continuous reinforcement showed a significant increase in 0 [«13) = 2.14; p< .05].
In response to the request to rate their anxiety on a scale of 1 ("extremely relaxed") to 7 ("not at all relaxed") the mean college student rating was 2.58 (SO = .99) and the mean older adult rating was 3.04 (SO = 1.74). This difference was not significant. The anxiety measure was not significantly correlated with response rate or 0 for either treatment group. In response to the request to rate their level of comfort with computers on a scale of 1 (''very comfortable") to 7 (''very uncomfortable") the mean college student rating was 2.65 (SO = 1.14) and the mean older adult rating was 5.0 (SO = 2.0). This difference was significant [F(1, 54) = 10.68; P < .05]. In order to explore the possible influence of this comfort variable on response rate and 0 we examined the relation between comfort and these other measures for each treatment group. Computer comfort was uncorrelated with the other measures for the college student group. Comfort was uncorrelated with response rate and positively correlated with 0 (r = .41) for the older adult group. Because the relation between comfort and other dependent variables was not homogenous across the treatment groups, we did not use the comfort variable as a covariate for analyzing the other variables. Rather, the two treatment groups were each subdivided by splitting the groups at the median comfort score to compare the performance of subjects who were relatively comfortable with computers to the performance of those who were not. This analysis yielded no significant Figure 4 shows the mean D classified three ways, by age (YA = younger adults; OA = older adults) , by schedule (continuous reinforcement = CRF; variable ratio 3 = VR 3) , and by a median split of computer comfort scores, a task anxiety measure. The dark bars depict the means of the groups falling below the median on task anxiety. The light bars depict the means of the groups falling above the median on task anxiety. The error bars depict one standard error above and below the mean. differences in response rates or D for the college student group. Older adults who reported being relatively uncomfortable with computers, however, showed significantly higher D than older adults who reported being comfortable with computers (see Figure 4 ). Further analysis indicated that the difference between the two groups of older adults occurred within the context of the variable ratio 3 schedule only [«24} = 2.92; P < .05].
An index of the successful performance of the task was the number of points the subject earned. College students earned a mean 61.97 pOints (SO = 24.8) and older adults earned a mean 55.68 points (SO = 24.4) over all 100 trials. This difference was not statistically significant. There were no significant differences in pOints earned by the two treatment groups within either block of 50 trials or within either schedule of reinforcement. Schedule of reinforcement affected points earned, with subjects earning a mean 44.9 pOints on the continuous reinforcement schedule and a mean of 14.2 points on the variable ratio 3 schedule. This difference was considered to be an artifact of the schedules. Points earned were unrelated to anxiety or computer comfort scores.
At the conclusion of the experiment each participant was asked questions about the procedure. Of the student participants 14 of 31 correctly stated the contingencies for earning points. In addition,S college students who had been exposed to both the continuous and the variable ratio schedules correctly stated the contingency for the continuous reinforcement schedule but not for the variable ratio schedule. Of the older adults, 4 of 25 correctly stated the contingencies for earning points. Three of these participants had experienced only the continuous reinforcement schedule. One older adult correctly described the contingency for the variable ratio schedule.
Experiment 2
The stereotypy procedure in the first experiment did not differentially reinforce or punish the various paths to the goal. The procedure resembles studies of cautiousness in which the same payoff structure follows risk taking or cautious behavior (Okun, 1976) . In the following procedure response variability is differentially reinforced and stereotypy omits the reinforcer (Page & Neuringer, 1985) . When variability is reinforced in cautiousness research, differences in cautious behavior between older and younger adults are diminished (Okun & Elias, 1977) . We expected that differentially reinforcing variable responding would train variable responding in both older and younger adults. We also expected that the degree of the variability requirement would control variable responding.
Method
Subjects. Participants in the study were 13 college students and 9 older adults. The college students did not participate in Experiment 1, although 1 subject was a psychology major who reported that she had participated in a study similar to Experiment 1. Of the older adults 6 of 9 had participated in Experiment 1. The college students, 5 women and 8 men, averaged 20.9 years of age with a range of 20 to 23 years. They included 6 science majors, 6 social science majors, and 1 language major. The older adults, 6 women and 3 men, averaged 78.1 years of age with a range of 65 to 85 years. All the older adults had some postsecondary education and had retired from professional careers.
As in Experiment 1 , the college students were rewarded with 2 cents for each point earned in the procedure. The older adults participated in return for a donation to the retirement community's health center. The donation was based on 2 cents for each point earned in the procedure.
Apparatus. The computer apparatus and the survey used in Experiment 2 were the same as those used in Experiment 1 . As before, the computer displayed a 6 by 6 matrix outlined in red. A marker appeared in the upper left comer of the matrix. Whereas pressing the Hand J keys moved the marker in Experiment 1, pressing the D (down) and L (right) keys moved the marker in Experiment 2. Any combination of five presses on each key could be followed by a point on the operative reinforcement contingency. A trial also ended if the marker was moved off the right side or bottom of the matrix. These trials did not result in a point.
As in Experiment 1, a score was displayed to the right of the matrix. When a reinforcer was presented, the score increased by a point, a small dollar sign appeared for 1 sec above the matrix, and a tone sounded for 1 sec. In contrast to Experiment 1, no song was presented on reinforced trials.
The reinforcement contingencies in Experiment 2 are referred to as lags. In a Lag 0 contingency, there was no variability requirement. The subject could use the same sequence of responses on each trial and earn a point each time. The contingency is identical to a continuous reinforcement schedule. In the Lag 1 contingency, the subject was required to avoid repeating a sequence of responses in two consecutive trials. As long as the sequence changed from trial to trial, the subject could earn a pOint on each trial. In the Lag 2 contingency, the subject was required to avoid using the previous two sequences of responses. In the Lag 3 contingency, the subject was required to avoid using the previous three sequences.
Each subject was supplied with a pen and a sheet of paper with the questions "What do you think happened during this session? Do you think that there is something specific you need to do to earn points?" This sheet was used to record the subject's ideas four times during the procedure, once after each block of 50 trials.
Procedure. Subjects were met by one of the experimenters and escorted to the computer station. After receiving the subject's consent to participate, the experimenter asked the biographical and comfort questions as in Experiment 1. Then the experimenter gave the subject a pencil and the question sheet described above. The experimenter explained that the computer program would pause a number of times and that the subject should write his or her answers to the questions before resuming. Then the experimenter gave the following instructions:
Your task is to accumulate as many points as possible by pressing the D and L keys. Continue to do this until the program is finished. You will receive a reward for your participation.
After giving instructions, the experimenter initiated the computer program and left the room. The experimenter occasionally observed the subject through a window in the door to check for key holding (none occurred in this experiment). Subjects were tested for 200 trials. Four reinforcement contingencies, called Lags 0, 1, 2, and 3, were employed. Each contingency was in effect for 50 trials. Each trial began with the marker in the upper left corner of the matrix, and each trial ended when the marker was moved to the lower right corner or off the matrix. The intertrial interval was 3 seconds. At the end of the 50 trials the computer printed a message stating:
Take a moment to record your thoughts. Then press any key to continue.
At this time the subjects recorded their ideas about earning points. When they pressed any key the lag contingency changed for a new block of 50 trials. The computer program presented the four lags in random order so that the order of the contingencies differed among subjects.
The experimental session lasted 20 to 30 minutes depending on the subject's behavior. At the conclusion of the session the experimenter reentered the room and debriefed the subject. College students were given money immediately. Older adults were told the amount of money they had earned for the health center.
Data analysis. The design of the experiment included two age groups (between-groups variable) and four lag contingencies (withingroup variable). The measures included response rate, the frequency of the dominant response, ratings of general and task anxiety, and the number of points earned.
Results
The overall response rate for college students averaged 10.6 responses per minute (SO = 1.6) and the older adults averaged 6.0 responses per minute (SO = 1.8). This overall difference was significant [F(1, 20) = 47.2; P < .05]. The college students responded significantly faster than the older adults in all four lag conditions. The overall analysis also detected a main effect for lag conditions on response rate [F(3, 60) = 3.27; P < .05). Pairwise comparisons were undertaken using the Tukey's WSD procedure (Myers, 1979) . Comparisons revealed that the main effect was caused by a significantly higher response rate in the Lag 0 condition 2.95) or the Lag 3 condition (M = 8.4; SO = 2.76). There was no significant interaction between age group and lag condition (see Figure 5 ). The frequency of the dominant response for each lag and for each age group is shown in Figure 6 . College students averaged an overall 0 of 52.7 (SO = 23.8) for the four conditions and older adults had an average overall D of 58.2 (SO = 40.6). Age group and lag condition effects were analyzed by means of a mixed design ANOVA with 2 levels of age (a between-groups factor) and 4 levels of lag (a within-groups factor). The analysis indicated no main effect for age on D.
There was a main effect of lag condition on stereotypy [F(3 , 60) = 8.07; P < .05]. Pairwise comparisons using Tukey's WSD statistic revealed that the overall mean D in the Lag 0 condition (M = 21.2) was significantly higher than the means of any other condition (M = 13.6 for Lag 1, 10.2 for Lag 2, and 10.0 for Lag 3). The tests were all significant at the p < .05 level.
In response to the request to rate their anxiety on a scale of 1 ("extremely relaxed") to 7 ("not at all relaxed") the mean college student rating was 2.85 (SO = 1.3) and the mean older adult rating was 2.0 (SO = 1.3). This difference was not significant. In response to the request to rate their level of comfort with computers on a scale of 1 (''very comfortable") to Figure 6 shows the mean D (frequency of dominant pattern) for younger and older adults in each lag condition of Experiment 2. The dark bars depict the means for the younger adults. The light bars depict the means for the older addits. The error bars depict one standard error above and below the mean.
1.4) and the mean older adult rating was 4.33 (SO = 2.5). The older adult comfort ratings were significantly higher than the college student ratings [F(1, 20) = 5.09; P < .05]. Despite the difference between groups, computer comfort did not correlate with either response rate or D.
Points were used to gauge the subjects' success at performing the task. College students earned a mean 170.2 points (SO = 20.5) over the 200 trials of the experiment. Older adults earned a mean 156.4 points (SO = 39.2). This difference was not significant. The mean number of points earned by each group in each lag condition is shown in Figure 7 . Pairwise tests showed that the two age groups did not differ in points earned in any lag condition . There was, however, a main effect of lag condition on points earned [F(3 , 60) = 8.64; P < .05]. Pairwise tests with Tukey's WSD procedure revealed that the mean number of points earned in Lag 0 (M = 46.7) was significantly higher than the mean points earned in Lags 2 and 3 (M = 38.7 for Lag 2 and M =35.7 for Lag 3) and that the mean number of points earned in Lag 1 (M = 43.3) was significantly higher than the mean points earned in Lag 3. These differences were significant at the p < .05 level. There was no interaction between age and lag condition. Figure 7 shows the mean number of points earned by younger and older adults in each lag condition of Experiment 2. The dark bars depict the means for the younger adults.
The light bars depict the means for the older adults. The error bars depict one standard error above and below the mean.
An analysis of the written responses by the subjects revealed that 12 of the 13 college students correctly identified the variability requirement. Of the older adults, 2 of 9 correctly identified the variability requirement.
Discussion
The present experiments indicate that older adults showed levels of stereotypy and response variability comparable to those shown by younger adults, except in the case of task-anxious older adults responding on a variable-ratio 3 schedule of reinforcement. The older adults did not display greater cautiousness than younger adults in any sense that may be attributable to age. The result of Experiment 1 is not consistent with studies that show cautiousness in older adults during tasks in which response changing is not differentially reinforced. In those studies (e.g., Okun & Oi Vesta, 1976) older adults show greater levels of stereotypy than younger adults. The result of Experiment 2 is consistent with studies that show cautiousness in older adults diminishes when response changing is differentially reinforced (e.g., Okun & Elias, 1977) . These results occurred in the context of other reliable findings. First, the younger adults had consistently higher response rates than the older adults (Salthouse, 1985) . Second, in Experiment 1 the continuous reinforcement schedule resulted in significantly more stereotypy than the variable ratio 3 schedule (Lopatto & Brown, 1994) . Third, in Experiment 2 the response variability contingency shaped variable responding (Page & Neuringer, 1985) .
Task anxiety may be expected to increase stereotypy or cautiousness. The discomfort with computers reported by some of the older adults in Experiment 1 may be related to task unfamiliarity. Both anxiety and task unfamiliarity have been cited as variables that increase cautious behavior (Reese & Rodeheaver, 1985) . Anxiety about working on a computer task is an example of a "generational" cause of cautiousness cited by Okun (1976) . The relatively recent introduction of computing into standard education programs has left a generation gap in computer familiarity between older and younger adults (Ogozalek, 1991) . Computer training programs for older adults have been successful in increasing competency and confidence in using computers (Bourdelais, 1986; Temple & Gavillet, 1990) . The success of these training programs demonstrates that computer literacy, and by extension computer anxiety, does not depend on age. Future research may be able to demonstrate that computer training for older adults diminishes cautiousness on computer tasks. In the long run, the aging of the current generation of younger adults may end the age gap in computer literacy.
The impact of task anxiety was demonstrated in the variable ratio 3 schedule, but not in the continuous reinforcement schedule. Continuous reinforcement produces relatively high levels of stereotypy (Lopatto & Brown, 1994 ). The effect of task anxiety may be masked by the continuous schedule because stereotypy is already high. Future research might profitably study the interactive effect of reinforcement schedule and task anxiety on stereotypy.
Younger adults articulated the contingencies for earning points more frequently than older adults did in both experiments. In Experiment 1, 14 of 31 younger participants, and in Experiment 2, 12 of 13 younger participants in Experiment 2 stated the contingencies for earning points. In contrast, 4 of 25 older participants in Experiment 1 and 2 of 9 in Experiment 2 stated the contingencies correctly. We speculate that the younger adults in our experiments, who were college students, were more familiar with both computers and with articulating solutions to formal problems as part of the college life. It is possible, however, that the relative inability to state the contingency for earning pOints may be an indication of negative transfer from a long life history of reinforcers for problem solving in older adults. In some stereotypy research, subjects whose behavior was reinforced on a previous task had more difficulty articulating the rule for getting points on a novel task than naive subjects did (Schwartz, 1982) . A history of reinforced problemsolving responses may interfere with rule discovery in some novel situations, and older adults are likely to have more of a reinforcement history for problem solving than younger adults.
Stereotypy is a plausible consequence of reinforced behavior. Responses that are reinforced continuously are likely to be repeated. The unusual finding of cautiousness research is not that older adults repeat their response patterns, but that younger adults vary their response patterns. If varying responses does not lead to a higher rate or magnitude of reinforcement then response variability constitutes unrewarded effort. Some researchers suggest a "Need for Achievemenf' motivational explanation for this behavior. According to the application of Need for Achievement theory, younger people have a higher need to achieve than older people. This higher need expresses itself when younger people follow success at one level of problem solving by choosing a more challenging level of problem. Increasing the level of challenge permits the person to reduce a drive to achieve. Older people, in contrast, follow success at one level of problem solving by remaining at the same level (Okun & Oi Vesta, 1976) . This difference between the behavior of older and younger people occurs only when changing levels of challenge does not lead to more reward than remaining at the same level does. An alternative to the need for achievement explanation may lie in the experience of the subjects. Older adults are likely to have more experience with reinforcing events than younger people. Experience, as measured by number of reinforced trials, has been shown to lead to an increase in stereotypy (Schwartz, 1982) . In a typical operant conditioning experiment response variability is more likely to occur early in the procedure and stereotypy is more likely to occur after extended experience with the procedure. Cautiousness, then, may be enhanced by an extended reinforcement history.
We suggest that cautiousness is a form of operant stereotypy that may be more significantly influenced by experience with reinforcement contingencies than by age. The effects of experience and age are difficult to untangle. Tactics based on operant principles, such as tests for resistance to extinction or the training of greater levels of experience in some younger adults than other younger adults, might aid in the understanding of cautiousness and stereotypy. It may be a useful research heuristic to hypothesize that cautiousness is an experience-relevant and age-irrelevant construct in human development (Baer, 1970) .
